The credit risk capital requirements within the current Basel II Accord are based on the asymptotic single risk factor (ASRF) approach. The asset correlation parameter, defined as an obligor's sensitivity to the ASRF, is a key driver within this approach, and its average values for different types of obligors are to be set by regulators. Specifically, for commercial real estate (CRE) lending, the average asset correlations are to be determined using formulas for either income-producing real estate or high-volatility commercial real estate. In this paper, the value of this parameter was empirically examined using portfolios of U.S. publicly-traded real estate investment trusts (REITs) as a proxy for CRE lending more generally. CRE lending as a whole was found to have the same calibrated average asset correlation as corporate lending, providing support for the recent U.S. regulatory decision to treat these two lending categories similarly for regulatory capital purposes. However, the calibrated values for CRE categories, such as multi-family residential or office lending, varied in important ways. The comparison of calibrated and regulatory values of the average asset correlations for these categories suggest that the current regulatory formulas generate parameter values that may be too high in most cases.
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I. Introduction
The Basel Committee on Banking Supervision (BCBS) issued the final draft of its updated capital adequacy framework for international banking institutions in June 2004; see BCBS (2004) . 1 This draft will serve as a basis for the implementation of the proposed regulatory capital guidelines to be determined by each national regulatory authority. BCBS member nations are currently scheduled to implement the so-called Basel II Accord by 2008.
The minimum regulatory capital requirements of the new Accord have received the most attention to date, mainly due to the extensive analysis and calibration exercises that have gone into their crafting. Under the current proposal, banks can determine their regulatory capital requirements for credit risk using one of three possible approaches. Under the standardized approach, capital requirements are based on regulatory assessments of credit risk that are imposed commonly across institutions. In contrast, the foundation and advanced internal-ratings based (IRB) approaches are driven by banks' own internal credit assessments of individual borrowers. The IRB approaches within the Basel II Accord are based on the asymptotic single risk factor (ASRF) model developed by Gordy (2000 Gordy ( , 2003 , within which a key variable is the correlation of a given obligor's asset returns with the risk factor that summarizes general economic conditions. In typical economic capital calculations, every borrowing firm has a unique asset correlation that assists in determining possible credit losses. However, for the purposes of regulatory capital calculations, such a multitude of parameters is infeasible. Instead, the BCBS has proposed the use of formulas that would assign asset correlations that are a decreasing function of firm probability of default.
In this paper, we specifically analyze asset correlation parameters for commercial real estate (CRE) loans. Under the IRB approaches, CRE lending is a subcategory of corporate 2 The software firm Moody's KMV, LLC is a leader in the field of credit risk modeling and capital budgeting. This study was conducted using their Portfolio Manager TM software, version 1.4.7, which they kindly provided for this study. Since the empirical results in the paper are based solely on the MKMV methodology, they are highly dependent on its underlying structure. However, as shown by Gordy (2000) , several credit risks models share similar mathematical structures. 2 lending, and it is further subdivided into income-producing real estate (IPRE) lending and highvolatility commercial real estate (HVCRE) lending. IPRE refers to CRE lending based primarily on the cashflows generated by an asset; for example, the rental payments generated by office towers or multifamily residential buildings. HVCRE generally refers to CRE lending more closely related to the acquisition, development and construction of commercial properties, which typically have a greater degree of repayment uncertainty.
We empirically analyze the value of the average asset correlation for CRE loan portfolios in the U.S. using the methodology developed by Lopez (2004) , in which the ASRF modeling conditions are imposed on the Moody's KMV (MKMV) methodology for determining credit risk capital charges.
2 Specifically, a single risk factor is used to describe obligor asset value dynamics, and all obligors within a portfolio are assigned a common, or average, asset correlation with the model's single factor. We constructed CRE loan portfolios based on all U.S.
publicly-traded real estate investment trusts (REITs) as of year-end 2002. Note that we thus explicitly assume that U.S. banks' CRE lending portfolios can be proxied for by these publiclytraded entities. Several research papers, such as Gyourko and Keim (1992) and Mei and Lee (1994) , have shown that investment returns on REITs are reasonable proxies for the returns on real estate assets more broadly.
The paper makes two empirical contributions. First, it provides an alternative set of asset correlations whose calibration was targeted specifically to the ASRF framework underlying the Basel II Accord. For a CRE loan portfolio consisting of all 189 REITs in our sample, the average asset correlation was calibrated to be 0.1625. This value is exactly in line with the value for all U.S. firms reported by Lopez (2004) , suggesting that CRE lending as a whole is no more or less correlated with overall economic conditions than corporate lending. This result is in contrast to some of the empirical results presented in Case (2003) that suggest CRE asset correlations are higher than corporate asset correlations. Second, the paper presents calibrated average asset correlations for seven CRE categories, which ranged from a low of 0.1000 for retail REITs to a high of 0.2375 for apartment and hotel REITs. Note that the highest value was actually 0.5000 for industrial REITs, but the accuracy of this estimate is questionable due to just seven REITs in that category. While this category is the extreme case, the limited number of REITs in almost all the categories imply that the estimation error bands around the calibrated parameter estimates should be considered. With regard to these CRE subcategories, our ratios of calibrated asset correlations for the different types of CRE lending relative to standard corporate lending align quite well with the ratios reported by Case (2003) .
With regard to current policy discussions regarding Basel II implementation in the U.S., these empirical results can help to address two specific questions regarding CRE lending. The first question is whether specific CRE lending categories should be treated as IPRE or HVCRE for regulatory capital purposes. Under the current Basel II guidelines, all lending to finance acquisition, development and construction (ADC) of commercial properties, subject to certain exceptions, must be assigned to the HVCRE category. However, the national bank regulatory agencies have sole responsibility for determining, which if any, types of CRE lending that finance in-place CRE properties should be placed in that category.
As discussed by Case (2003) , supervisory judgement and experience in the U.S.
generally supports the high asset correlation assumption for most CRE lending. However, given the lack of clear empirical evidence in support of that assumption, the U.S. bank regulatory agencies have decided to place all in-place CRE lending in the IPRE category. Recall that the regulatory capital treatment of IPRE lending is equivalent to that of standard corporate lending.
Our calibrated average asset correlations for all REITs supports this conclusion when combined with the calibration by Lopez (2004) for corporate borrowers. The calibrated correlation values for the REIT subcategories might be useful in deciding between IPRE and HVCRE treatment; 3 In the United States, the banking regulatory agencies are proposing to implement the Basel II Accord by allowing two methods for calculating minimum capital requirements for CRE loan portfolios; see Case (2003) for a complete discussion. The first method would be the AIRB approach discussed here. The second method, known as the supervisory slotting criteria approach, would be available only for CRE loans and for use only by banks that cannot reliably estimate the required AIRB parameters. In this paper, we focus only on the first method. 4 for example, the higher correlation value for residential CRE lending relative to retail CRE lending suggests that the former category is more reasonably considered as HVCRE. However, this type of ranking does not provide us with clear guidelines as to where the appropriate cut-off correlation value should be set.
The second policy issue that can be addressed is the current parameterization of the regulatory average asset correlation formula for IPRE lending. For banks capable of estimating all parameters required by the advanced IRB (AIRB) approach, the values for the regulatory asset correlation function for IPRE exposures, which is identical to the one for standard corporate exposures, ranges from 0.12 to 0.24. The function for HVCRE exposures would allow for higher values ranging from 0.12 to 0.30, implying that their repayment capabilities are more correlated with overall economic conditions.
3 Our calibrated average asset correlations for the seven CRE subcategories can be compared to the values generated by these regulatory formulas using the inter-quartile range of REIT PDs as determined by Moody's KMV.
We find that the calibrated values for hotel and mortgage REITs fall within the defined regulatory HVCRE ranges and above the regulatory IPRE ranges, suggesting that these categories could be classified as HVCRE. All other categories, again with the exception of industrial REITs, have calibrated asset correlations that fall below the specified HVCRE ranges.
In fact, for these four subcategories, their calibrated values also fall outside of their defined regulatory IPRE ranges. The calibrated correlations for office, retail and other REITs fall below the defined regulatory range, suggesting that the current IPRE asset correlations may be too high for these types of CRE loans. For residential REITs, the calibrated correlation falls just above the specified IPRE range and just below the HVCRE range. In fact, the calibrated values for all REITs falls below the specified regulatory IPRE range. These results suggest that there is an Under the AIRB approach for credit risk, a banking organization's own internal assessments of credit risk are the main inputs for calculating minimum regulatory capital requirements. Specifically, these assessments and associated parameters, such as firm default probabilities and loan losses given default, are to be used to derive regulatory capital requirements for each loan exposure. All credit exposures would be assigned to one of three portfolios: wholesale credit, which includes corporate, interbank and sovereign lending; retail credit, which encompasses residential mortgages and qualifying revolving credit lines; and equities. There is also specific treatment for exposures arising from asset securitizations and purchased receivables. We focus here on wholesale corporate exposures, which are exposures to private-sector, non-financial companies. Within the corporate asset class, there are five subclasses of specialized lending identified as project finance, object finance, commodities finance, income-producing real estate (IPRE), and high-volatility commercial real estate (HVCRE).
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IPRE lending refers to CRE lending based primarily on the cashflows generated by an asset; for example, the rental payments generated by office towers or multifamily residential buildings. HVCRE lending generally refers to CRE lending more closely related to the acquisition, development and construction of commercial properties, which typically have a greater degree of repayment uncertainty. Under the new Accord, there are two categories of HVCRE. First, subject to certain exceptions, all lending to finance acquisition, development and construction (ADC) loans must be assigned to the HVCRE category. 5 Second, the national regulatory agencies have the responsibility of determining which, if any, types of CRE lending that finance in-place CRE properties should receive the HVCRE assignation in their country. As discussed by Case (2003) , the U.S. bank regulatory agencies have concluded that there is not sufficient empirical evidence for including in-place CRE lending into the HVCRE category.
Hence, almost all CRE lending will receive the same risk weights as corporate lending.
Under the AIRB approach, banks must assign four parameters to each credit exposure:
probability of default (PD), loss given default (LGD), exposure at default (EAD), and maturity (M). The wholesale AIRB risk weight functions use the parameters to produce a specific capital requirement for each wholesale exposure; see Appendix A for an overview of this calculation.
With respect to the two CRE categories of interest here, IPRE exposures would receive the same risk weights as standard corporate exposures. HVCRE exposures would receive more conservative risk weights; that is, for a given PD, LGD and M, a loan in an HVCRE portfolio would incur a higher capital charge than would a loan in an IPRE portfolio. This difference in capital charges is primarily driven by the higher range for regulatory asset correlation parameters. The exact functions are discussed in Section IV.C.
III. Calibration methodology and REIT data III.A. Summary of the MKMV methodology
As in Lopez (2004) , the empirical calibration of the asset correlations for all the REIT portfolios was conducted using the Portfolio Manager TM (PM) software produced by Moody's KMV (MKMV). The theoretical core of the MKMV methodology for evaluating credit risk is the Vasicek-Kealhofer model, which is an extension of the Merton model of a firm's stock as an option on the underlying assets; see Vasicek (1984) and Kealhofer (2003) as well as Crosbie and
Bohn (2003) for further details. To measure the credit risk of a loan to a firm, the MKMV methodology models the distribution of the firm's asset value over the chosen planning horizon, its implied probability of default, and the corresponding distribution of the loan's value. Note that this loan value distribution explicitly accounts for both firm default and changes in firm credit quality.
Specifically, the MKMV methodology models the value of the assets of firm i, denoted as A it , at some future point t+H. Based on the Merton model, future asset values A it+H is modeled
where : i is the asset value drift term (typically positive), F i 2 is the firm's asset return volatility, and the firm-specific error term g it+H is a weighted average of a common (or systematic) random factor and an idiosyncratic random factor. That is, g it+H is modeled as
where R i 2 measures the percentage of the firm's asset return variance attributable to the common risk factors affecting the firm, > it+H is a random variable representing the firm's H-period-ahead composite risk factor, and < it+H is an idiosyncratic random variable. Both > it+H and < it+H are assumed to be uncorrelated and have standard normal distributions, ensuring that g it+H also has a standard normal distribution. Note that the R i is referred to as the asset correlation for firm i. 6 The impact of the assumption of infinitely granular portfolios was not part of our analysis. In our analysis, we imposed the assumption of common loan sizes across the obligors. We further assumed that the numbers of obligors in our sample portfolios were sufficiently large for this assumption to hold, even though the number of obligors in this study was significantly smaller than in Lopez (2004) . Further research into the validity of these assumptions is needed.
9
For each firm of interest, MKMV determines its overall liabilities at time H. For a particular realization of A it+H , a "distance to default" measure is calculated and used to determine a firm's "expected default frequency" TM (or EDF TM ) based on MKMV's proprietary default database. The firm's EDF value and its loans' recovery rates permit the calculation of the loan values if the firm defaults. For non-default states, the loans are valued by discounting their cashflows using market-based credit spreads corresponding to the firm's credit quality.
Individual loan calculations can be aggregated up to the portfolio level in order to determine the distribution of loan portfolio returns, which in turn can be used for determining economic capital allocations and other credit risk management calculations.
III.B. Application of the ASRF framework to the MKMV methodology
In order to establish regulatory capital requirements applicable across institutions and across credit risk models, the Basel II Accord's calculations are based on a very general modeling framework, commonly known as the asymptotic single risk factor (ASRF) approach.
As developed by Gordy (2000 Gordy ( , 2003 , the ASRF approach assumes that a single risk factor is responsible for all credit quality movements across all obligors in an "infinitely granular"
portfolio. 6 Each obligor has a unique asset correlation R i with the common risk factor, and the realization of this factor determines the obligors' individual outcomes. Further simplifying assumptions are often made to reduce the number of parameters; for example, all obligors could be assumed to have a common asset correlation with the composite risk factor; i.e., i R R i. = ∀ Within this analytic framework, the regulatory capital requirement for a portfolio equals the sum of the regulatory capital requirements for individual credits. This additive property permits the "bucketing" of credits based on certain characteristics, such as firm default probability and 7 Within the ASRF framework, the recommended capital requirements are independent of the common factor chosen. However, in the empirical implementation, differences will arise when different factor specifications are used. These differences should be minor, and preliminary results from Lopez (2004) support this hypothesis. 10 recovery rates. This property of the ASRF approach clearly simplifies the allocation of regulatory capital.
To impose the ASRF approach within the MKMV methodology, a number of restrictions were imposed on the PM software. The first and most important restriction was imposing a single risk factor across all firms; i.e., > it+H = > t+H oei. Within the MKMV methodology, there are about 120 factors based on global, regional, country, sector and industry effects. These various factors are aggregated based on firm characteristics to construct a firm's composite factor. For example, the return on the composite factor (denoted CF i ) for a U.S. domestic firm that is 60% involved in paper production and 40% in lumber production would be CF i = 1.0 r USA + 0.6 r paper + 0.4 r lumber , where r USA , r paper and r lumber are the returns on the factors for the entire U.S. economy, the global paper industry and the global lumber industry, respectively. A regression of firm i's asset returns on CF i provides the asset correlation R i used in the MKMV asset value simulations.
Thus, to impose the ASRF approach, we collapsed their many potential factors into a single factor common to all obligors. This restriction was imposed by forcing all of the firms within a portfolio to have the same degree of dependence on the same country and industry factors. In our analysis, we assumed that all obligors were dependent on the U.S. country factor and on the unassigned industry factor known as N57 within the MKMV industry database.
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The second key restriction is the imposition of a common degree of dependence by assuming a common R 2 value for all obligors in the portfolio. This common R value is termed the "average" asset correlation, even though it is not strictly an average, and it will be denoted here as These two restrictions are obviously quite strong, but necessary for applying the
There is no theoretical answer as to what the value of the average asset correlation should 8 Within the PM software, LGD rates can be assumed to be random variables. For this study, they are set to be constant and are calibrated based on the extant empirical literature. Jackson et al. (2002) argue that an LGD value of 50% is close to the recovery rate of 51% commonly used for senior unsecured bond defaults. Gupton et al. (2000) suggest an LGD for bank loans of between 35% and 50%. Asarnow and Edwards (1996) found an LGD of 35%, while Carey (2002) between the two models' capital charges at the specified quantile were less than 0.1% of the total portfolio size. The calibrated correlations for credit portfolios composed of REITs are the A ρ primary empirical contribution of this paper.
The third restriction needed to impose the ASRF framework within the PM software is that the LGD is constant. For the sake of simplifying our analysis, we also imposed a recovery rate of 50% across all obligors. Although this is a strong assumption, it is a commonly used value, as in Jackson et al. (2002) . 8 Furthermore, we know that capital charges within the PM software for portfolios with other LGD values are a simple multiple of each other.
The fourth restriction imposed on the PM software for our analysis was a one-year maturity for all credits. Note that this restriction is not explicitly required by the ASRF framework. Further research on the impact of maturity on the calibrated values derived A ρ within the ASRF approach is needed.
The procedure for implementing the ASRF approach within the PM software and analyzing the calibrated average asset correlations consists of three steps. The first step is to 9 The number of simulations used was 100,000 runs, which is the number recommended by MKMV for analysis of the 99.9% tail quantile. 10 In order for a corporation to qualify as a REIT and gain the advantages of being a pass-through entity, it must be structured as a corporation, business trust, or similar association; managed by a board of directors or trustees; have fully transferable shares; have a minimum of 100 shareholders; and have no more than 50 percent of the shares held by five or fewer individuals during the last half of each taxable year. It must pay dividends of at least 90 percent of its taxable income; have at least 75 percent of total investment assets in real estate; derive at least 75 percent of gross income from rents or mortgage interest; and have no more than 20 percent of its assets consist of 12 create the REIT portfolios of interest. The loans to the chosen REITs are structured to have a maturity of one year, a floating rate coupon with a quarterly payment schedule, and a common commitment size of $100 million. These restrictions obviously impact the nature of the credit portfolios being analyzed; for example, the standard commitment size precludes analysis of the granularity issue. Further research into this issue is required. However, the empirical results should provide meaningful asset correlations for CRE lending types.
The second step consists of running the unconstrained version of the PM software on the constructed portfolios in order to generate the capital required at the one-year horizon for the 99.9% percentiles of the loss distribution.
9 Of the various definitions of capital used in the PM software, we chose to use capital in excess of expected loss. That is, PM generates the portfolio's credit loss distribution, designates its mean as the expected loss, and presents the tail quantiles as credit losses beyond the expected loss. Credit losses at the one-year horizon are transformed into capital charges by discounting them to the present with the appropriate risk-free rate. Total capital is the sum of the discounted expect loss and the specified tail loss. The final step is to calibrate the CRE portfolios' values using a grid search as previously described.
A ρ
III.C. NAREIT data description and REIT portfolios of interest
A significant portion of the CRE assets in the United States are owned by publiclytraded, real estate investment trusts (REITs). Publicly-traded REITs are companies that qualify as pass-through entities who pass the majority of their income directly to investors without corporate taxation providing that certain conditions are met. 10 REITs concentrate on buying, stocks in taxable REIT subsidiaries.
11 The ASRF framework analyzed here assumes that the credit portfolios in question are infinitely granular, which may be an issue with only 189 obligors in the overall REIT portfolio and fewer in the subcategory portfolios. Further research into the impact of granularity on these results is needed. 13 developing and managing commercial real estate assets that generate rental income. The assumption underlying this paper is that the equity market valuations of these assets can be used to calibrate asset correlations for CRE loan portfolios. Several research papers, such as Gyourko and Keim (1992) and Mei and Lee (1994) , have shown that investment returns on REITs are reasonable proxies for the returns on real estate assets more broadly.
Our database consists of 189 publicly traded REITs that were available in the MKMV Credit Monitor database and had a non-zero EDF as of year-end 2002; see the Appendix B for a complete listing.
11 As of year-end 2002, the market capitalization of these REITs was $153
billion. The REITs were subdivided into seven categories according to their primary type of activity. These categories are based on, but are not identical to, those used by the National Association of Real Estate Investment Trusts (NAREIT). The seven categories are residential, industrial, hotel, mortgage, office, retail and "other"; see the breakout of the sample in Table 1 .
Residential REITs engage in the ownership, development, construction and management of multi-family apartment and residential facilities; they make up about 18% of the REIT sample's market capitalization. Industrial REITs own and manage industrial sites, such as warehouses and distribution centers, and make up almost 7% of the sample's market capitalization. Hotel REITs typically own, develop and manage hotels, resorts and other lodging facilities; they make up about 5% of total market capitalization. Mortgage REITs are engaged in the ownership, management, acquisition and disposition of mortgages, both residential and commercial, and make up a another 5% of the sample's market capitalization. Office REITs engage primarily in the ownership, management, acquisition, expansion and development of commercial office space and make up 17% of the market capitalization. Retail REITs focus on the ownership, acquisition, and management of retailing outlets, such as shopping centers and 12 A typical example of the firms in this category is REITs that own and develop self-storage facilities, which are not used for either residential, office or industrial purposes. 14 account for almost a quarter of the sample's market capitalization. The 63 REITs in the "other" category engage in a wide variety of real estate activities that overlap, but do not fit neatly, into the previous six categories; this residual category makes up about 25% of the sample's market capitalization.
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IV.
Empirical calibration results and comparative analysis
IV.A. Calibration results
The empirical calibration results presented here are based on the procedure described earlier and developed by Lopez (2004) . Recall that lower values suggest less sensitivity to A ρ the asymptotic common factor, which corresponds to general economic conditions, and hence more idiosyncratic risk, whereas higher values suggest more systematic and less idiosyncratic risk. Two important caveats regarding this procedure should be noted. First, the calibrations were conducted using only the MKMV methodology and software, making the results completely dependent on this approach. However, the underlying economic model and their implementation are well understood and common across several credit risk modeling approaches. Second, the assumption of infinite granularity within the ASRF framework may be violated by the limited number of obligors in our REIT portfolios. This data limitation does not invalidate the results, but it does require us to be circumspect in our interpretation of the results.
As shown in Table 2 , the calibrated average asset correlation for all U.S. REITs in our sample is 0.1625, which is equal to the value found for all U.S. non-financial firms during a similar time period by Lopez (2004) . Hence, the CRE sector as a whole can be seen to be as correlated with overall economic conditions as the corporate sector. However, we observe a reasonable degree of dispersion among the seven CRE subcategories.
The lowest value was found for the retail REIT category at 0.1000, substantially A ρ below the overall REIT value. This result suggests that retail REITs are much less sensitive to overall economic conditions than other CRE and corporate lending. A possible reason underlying this outcome is the relatively long leases common to retail establishments in malls and shopping centers; these longer leases probably span the duration of downturns in the business cycle and hence are less sensitive to them. 13 The next highest value was for the "other" category at 0.1500. This category is the largest category encompassing 33% of the obligors, which is probably the main reason its calibrated value is so similar to that for all REITs in 
IV.B. Comparison to other studies
The empirical literature on the asset correlation parameter within the ASRF framework of the Basel II is small. As mentioned, Lopez (2004) examined the properties of calibrated A ρ values for corporate lending portfolios subdivided by obligor country of origin, PD and asset size. He found that the calibrated parameter was a decreasing function of PD, as proposed in A ρ the Basel II Accord, and an increasing function of firm size. A reasonable degree of variation was found across U.S., European and Japanese obligors. The intuition for the inverse relationship between asset correlation and PD is that as a firm's PD increases due to its worsening condition and approaching possible default, idiosyncratic factors begin to take on a more important role relative to the common, systematic risk factor. Similarly, as a firm increases in size and potentially becomes more diversified, its risk and return characteristics could more closely resemble the overall asset market and be less dependent on the idiosyncratic elements of the individual business lines. Within an ASRF framework, this intuition suggests that a firm's asset correlation should increase as its asset size increases. Calem and Follain (2003) found that the regulatory asset correlation parameter of 0.1500 within the Basel II Accord fell within the range of empirical estimates generated by several credit risk models. While CRE lending is quite different from residential lending, the highly aggregated nature of the ASRF exercise, especially at the level of loan categories, should not surprisingly generate results common across these categories.
With respect to CRE lending, Case (2003) Case (2003) argues that any biases in estimating these CRE asset correlations could be mitigated by examining the ratio of estimated correlations for CRE and commercial loans. 14 He reports ranges for these ratios of 2.34 to 3.96 using Call Report data; 0.52 to 2.09 using thrift data; and 0.93 to 2.44 using life insurance CRE data matched with Moody's and S&P data on commercial firms.
Combining the calibrated values from our analysis and that of Lopez (2004) , our ratio value of one is below that reported by Case (2003) for banks. Case (2003) presents similar ratios for several CRE subcategories based on data from the market for commercial mortgage-backed securities and from the National Council of Real Estate Investment Fiduciaries; see Table 2 . While the exact composition of the CRE portfolios cannot be directly be compared across the two studies, there were five subcategories that were readily matched. For three of these cases, our ratios fell within the range of ratios reported in the Case study. Our lowest ratio of 0.62 was for retail REITs, while the range of values for the retail category in the Case study was 0.52 to 0.74. For office REITs, our ratio of 1.23 falls within the Case (2003) . 
IV.C. Comparison to regulatory values
⎛ ⎞ ⎛ ⎞ − − ρ = + − ⎜ ⎟ ⎜ ⎟ − − ⎝ ⎠ ⎝ ⎠ or equivalently,( ) 50*
V. Conclusion
The credit risk capital requirements within the current Basel II Accord are based on the asymptotic single risk factor (ASRF) approach. Within this approach, a key parameter is the average asset correlation, and the regulatory values of this parameter for commercial real estate (CRE) lending portfolios are to be determined using formulas for either income-producing real estate or high-volatility commercial real estate. We empirically examine the value of this parameter using portfolios of publicly-traded real estate investment trusts (REITs) as a proxy for CRE lending more generally. We find that CRE lending as a whole has the same calibrated average asset correlation as corporate lending, providing support for the U.S. regulatory decision to assign in-place CRE lending the same risk weights as corporate lending. However, the calibrated values for CRE categories, such as multi-family residential or office lending, vary in important ways. The comparison of calibrated and regulatory values of the average asset correlations for these categories suggest that the current regulatory formulas generate parameter values that may be too high.
It is important to note that our empirical analysis, as well as the analysis presented in other studies, is limited and cannot address the full range of issues present in the Basel II Accord. For example, we cannot address the issues of granularity and maturity easily within the calibration method developed by Lopez (2004) . The results and policy implications presented in this paper need to be understood in the context of their empirical methods and the larger policy questions regarding regulatory capital requirements. Chart 1.
REIT categories and ln(EDF) inter-quartile ranges as of year-end 2002
Note: This chart presents the inter-quartile ranges of the natural logs of the EDF presented in Table 1 . in the text), and the maturity factor b = (0.08451 -0.05898 * ln(PD)) 2 . Note that PD and LGD are expressed in decimal form; M is measured in years; and EAD is expressed in dollars.
